• Simulation software was used for the xanthan production process and cost model development • Simulation model was developed based on defined kinetic models • Results represent a basis for defining a general design for the suggested bioprocess
reases our insight and understanding of the process and helps us to identify key points where it can be improved, as well as any potential issues. Bioprocess modelling and simulation improve insight into the understanding of the bioprocess itself and help in identifying its key points. During the development of the model it is necessary that the suggested application is clear and that the model is developed based on it [1, 2] . Introducing these models into various simulation software packages simplifies the identification of potential improvements and/or problems which may occur during the production process. Bioprocess simulation software is a series of computer algorithms capable of mathematical modelling of the performance of individual unit operations, whose main advantage is the fact that all aspects of process management are incorporated into one format and can be simultaneously tested [1, 3] . Although different software packages were used to simulate various bioprocesses, the available scientific literature contains no references to using SuperPro Designer ® to obtain a model of xanthan production using vegetable oil industry wastewater.
Xanthan is an industrial polysaccharide with the highest commercial production and is obtained by cultivation with Xanthomonas campestris, an obligatory aerobic microorganism, able to utilize both complex and completely defined media [4] . The substrate for the commercial production of xanthan is glucose, typically favoring batch over continuous production due to its efficiency [5, 6] . As the carbon source cost is one of the major factors contributing to the cost of xanthan production, research on its production from low-cost substrates is very important. Previous research showed that various low-cost substrates, most importantly agricultural wastes and food industry wastewaters, can be used as raw materials for xanthan production [7] [8] [9] [10] [11] [12] [13] . Increased industrial production of xanthan is becoming increasingly promising due to its extensive applications and wide use in the food, toiletry, oil recovery, cosmetic, water-based paint and other industries. The major application of xanthan is as a suspending and thickening agent in the food industry [4, 14] .
Several authors provided detailed explanations of the characteristics of kinetic models used to describe xanthan production kinetics in their papers. The available literature shows that the testing of unstructured kinetic models during batch xanthan production using the production microorganism Xanthomonas campestris was performed by many research groups [5, [15] [16] [17] [18] [19] [20] [21] . The used models based on kinetic equations which describe biomass growth and the production of the desired product can be classified into two groups: models where growth and production are dependent on medium nutrients and models where growth and production are only a function of temporal changes of biomass. The only difference between them is what type of kinetic equations are used for the description of the growth and production [16] .
The aim of this research was to examine the kinetics of xanthan production in laboratory scale batch cultivation by Xanthomonas campestris ATCC13951 using wastewaters of vegetable oil industry as a basis for the cultivation medium. The additional aim of this research was to generate a simulation process model which primarily predicts process indicators, but also economic indicators of the analysed biotechnological process. Considering that previous research [22] proved that xanthan production from vegetable oil industry wastewater is viable and optimised the medium that is based on this wastewater, regarding the most significant nutrients (carbon, nitrogen and phosphorus content), current research represents a step towards scaling up this process to the industrial level using modelling and simulation of this biotechnological process.
EXPERIMENTAL Production microorganism
The reference culture Xanthomonas campestris ATCC 13951, was used as the production microorganism for the experiments. The inoculum was prepared in two steps: first, by refreshing the culture by incubation for 24 h, at 26 °C, on yeast maltose (YM ® , Difco) agar slants, and second, by double passaging of the microorganism on the synthetic YM ® (Difco) media for 36 h, at 26 °C. Samples were spontaneously aerated and externally stirred (laboratory shaker, 150 rpm).
Cultivation media
Wastewater obtained from the vegetable oil industry was used as a basis for the cultivation medium. Initial total nitrogen content was 0.018 g/L, total phosphorus was 0.0037 g/L, COD value was 7240 mg/L, BOD value was 3200 mg/L. The vegetable oil industry wastewater did not contain any digestible sugars.
The optimized cultivation medium composition (average value from the optimized range: carbon source content 15.5 g/L, nitrogen content 0.065 g/L and phosphorus content 0.0145 g/L) was used for this experiment, based on previous research results [22] . Utilized wastewaters were enriched by adding glucose so that the initial concentration of the carbon source was 15.5 g/L. Yeast extract and (NH 4 ) 2 SO 4 (in 2:1 ratio) were added as a nitrogen source so that the total nitrogen content is 0.065 g/L. K 2 HPO 4 was added as a phosphorus source so that phosphorus content is 0.0145 g/L. Semi-synthetic glucose-based medium was prepared to contain the same amounts of the carbon source, nitrogen and phosporus. Additionally, the pH value of the cultivation media was set to 7.0 and sterilized in an autoclave at 121 °C and overpressure of 1.1 bar during 20 min.
Cultivation
The biotechnological xanthan production was carried out in a 3 L laboratory bioreactor (Biostat ® A plus, Sartorius AG, Germany) with 2 L of the cultivation medium. The biosynthesis was carried out in batch mode under aerobic conditions at the defined temperature (internal temperature regulation) with stirring, using two parallel Rushton turbines for 96 h. The initial bioprocess temperature of 26 °C increased to 30 °C after 36 h of cultivation. Additionally, the air flow rate was increased from the initial value of 1 to 2 vvm and agitation speed was increased during biosynthesis from its starting value of 150 to 300 rpm, after 36 h of cultivation, due to the increased viscosity of the cultivation broth. All experiments were performed in triplicate.
Analytical methods
The content of biomass in samples of cultivation media was determined by centrifuging the sample diluted with the same volume of saline solution at 10,000 rpm (Hettich Rotina 380 R, Germany) for 30 min. The obtained sediment is rinsed with saline solution and dried to constant mass at 105 °C.
The samples of the cultivation broth were centrifuged at 10,000 rpm for 30 min (Hettich Rotina 380R, Germany) and the obtained supernatants were used to determine residual carbon content. The supernatants were filtered through a 0.45 μm nylon membrane (Agilent Technologies, Germany) and subsequently analyzed using HPLC (Thermo Scientific Dionex UltiMate 3000series). The HPLC instrument was equipped with a HPG-3200SD/RS pump, WPS--3000(T) SL autosampler (10 μL injection loop), ZORBAX NH2 column (250 mm×4.6 mm, 5 μm) and a RefractoMax520 detector. A 75 vol.% acetonitrile solution was used as the eluent at a flow rate of 1.2 mL/min and an elution time of 20 min at column temperature of 25 °C.
Prior to centrifugation (10,000 rpm, 30 min) the obtained cultivation broths were diluted with 4 volumes of distilled water in order to determine residual nitrogen and phosphorus content. The residual nitrogen content was determined from the obtained supernatants using the Kjeldahl method [23] , and a standard method was used to determine the residual phosphorus content [24] .
Rheological properties of the cultivation broth samples were determined using a rotational viscometer (REOTEST 2 VEB MLV Prüfgeräte-Verk, Mendingen, SitzFreitel), with a double gap coaxial cylinder sensor system, spindle N. The rheological parameters were calculated using the Ostwald de Vaele equation.
Product separation
Xanthan was recovered by precipitation with 96 vol.% ethanol in the presence of KCl. Ethanol was gradually added to the supernatant at 15 °C until the alcohol content in the mixture was 60 vol.%, at constant stirring. A saturated solution of KCl was added when half of the necessary ethanol amount was poured into the supernatant in a quantity to obtain a final content of 1 vol.%. After precipitation, the mixture of xanthan was kept on 4 °C, for 24 h and then centrifuged (4,000 rpm, 15 min). The precipitate was dried to a constant mass at 60 °C and this data was used to calculate the xanthan yield.
Kinetic models and calculation of kinetic parameters Kinetic model for biomass formation A logistic equation was applied to describe microorganism growth. The logistic equation represents a model which does not include the effect of substrate consumption and can be applied to describe the exponential and stationary growth phases but not the decline phase [25] :
where X is the biomass content (g/L), X 0 initial biomass content (g/L), X m maximum biomass content (g/L) and μ m maximum specific growth rate (h Kinetic model for product biosynthesis Xanthan production kinetics was described using the Luedeking-Piret equation which is partially connected to microorganism growth:
where P is xanthan content (g/L) and the parameters α (gP/gX) and β (gP/gX·h) represent growth associated and non-growth associated constants. The aforementioned parameters are empirical constants which can vary with cultivation conditions such as temperature, pH value and agitation speed [9] . Integrating Eq. (2) under the starting parameters of t = 0, P = P 0 and substituting Eq. (1) into Eq. (2) produces the following equation:
which can be rearranged into:
Since it can be considered that at the beginning of biosynthesis there is no produced xanthan in the cultivation medium (P 0 = 0), the value of α can be calculated as the slope of the curve obtained from the correlation of the left side of Eq. (4) and (X(t)-X 0 ).
Since β is a parameter independent of growth and its value isn't connected to the exponential phase, it can be determined based on data from the stationary phase where dX/dt = 0 using the following equation:
Kinetic model for carbon source consumption
The kinetics of substrate (carbon source) consumption is described using the modified Luedeking--Piret equation:
Where S is substrate content (g/L) and the parameters γ (gS/gX) and δ (gS/gX·h) represent growth associated and non-growth associated constants. Integrating Eq. 
The value of γ can be calculated as the slope of the curve obtained from the correlation of the left side of Eq. (8) and (X(t)-X 0 ).
Since δ is a parameter independent of growth and its value isn't connected to the exponential phase, it can be determined based on data from the stationary phase where dX/dt = 0 using the following equation:
Using the commercially available SigmaPlot ® 11 software (Systat Software Inc, USA), the analyzed models were fitted into experimental data using non--linear regression analysis which provided a statistical indicator (R 2 ) for regression goodness of fit as well as all other significant parameters of the used models.
Simulation of xanthan biosynthesis
The process and cost models were developed using SuperPro Designer ® software (Intelligen Inc., Scotch Plains, NJ). The defined process flowsheet of the proposed design of xanthan production is shown in Figure 1 . Input data and data on operating conditions of the examined process are obtained from the experiments and literature, while equipment and process data are obtained directly from the SuperPro Designer ® software. As the cultivation medium in this process, vegetable oil industry wastewater is enriched with necessary nutrients in a blending storage tank (P-07, 6.2 m height and 2.1 m diameter), from where they are sent to sterilization (P-08) with an operating throughput of 56,553 L/h, at a temperature of 121 °C, for 20 min. In order to estimate the efficiency of the xanthan production process using wastewaters as the cultivation medium, the same process is evaluated using a semisynthetic glucose-based medium. The cultivation media requirement for the facility is 20,000 L/batch. The sterilized cultivation media is then transferred to a bioreactor (P-09) and inoculated with the appropriate amount of Xanthomonas campestris inoculum. The inoculum is prepared in several steps, using one test tube (P-01), two shake flasks (P-02 and P-03) and two reactors (P-04 and P-05). The first step are test tubes containing yeast maltose agar (YMA), the second step are two shake flasks containing 200 mL and 4 L of yeast maltose agar broth (YMB), and the third and final step are the 80 L (1.1 m height and 0.4 m diameter) and 1600 L (2.8 m height and 0.9 m diameter) reactors containing YMB and wastewater or semi-synthetic-based medium, respectively. Each step in preparing the inoculum lasted 24 h at a temperature of 26 °C.
The xanthan biosynthesis is performed in a 25,662 L (6.7 m height and 2.2 m diameter) vessel (P-09). The bioprocess duration is 96 h, the temperature is 30 °C and the rate of aeration is 2 vvm. The obtained cultivation broth is pasterised (P-10) with an operating throughput of 20,530 L/h, at a temperature of 100 °C, for 60 min in order to inactivate the production microorganism after which it is centrifuged in the 8 units of disc-stack centrifuge (P-11) to remove the majority of the biomass (throughput 2571 L/h).
After centrifugation, the supernatant is mixed (P-12; throughput 363126 kg/h) with ethanol and a saturated solution of KCl in order to precipitate and recover biosynthesized xanthan. The obtained mixture is then centrifuged with 7 units of disc-stack centrifuge (P-13; throughput 2541 L/h). The solid phase obtained after centrifugation is then spray-dried (P-14) and the obtained product is xanthan.
The liquid fraction obtained after centrifugation is distilled with a column (P-16; height of 3.3 m and diameter of 0.8 m), which recovers 93.36% of ethanol which is then used for xanthan precipitation. The stillage obtained after distillation is mixed with the biomass stream obtained after the first centrifugation (P-11) and concentrated in an evaporator with a heat transfer area of 7.03 m 2 and saturated steam as the transfer agent. After evaporation (P-18), the mixture is dried in a rotary dryer (P-19) with a drying capacity of 345.2 kg/h, drum area 42.1 m 2 using air as the drying gas. The obtained product can be further processed and used as animal feed, manure, etc.
The economic analysis for the suggested process model was performed in SuperPro Designer ® software and is shown as costs of working capital, operating costs (raw material and utility costs, costs that are facility-dependent, labour costs) and unit production costs.
Working capital is a measure of both a company's efficiency and its short-term financial health. Working capital is calculated by subtracting current liabilities from current assets. It indicates whether a company has enough short-term assets to cover its short-term debt. Current assets include cash, marketable securities, inventory, accounts receivable and other short-term assets to be used within the year. Current liabilities include accounts payable and the current portion of long-term debt. These are debts that are due within the year. Operating costs are expenses associated with the maintenance and administration of a business on a day-to-day basis. The operating cost is a component of operating income and is usually reflected on a company's income statement. While operating costs generally do not include capital outlays, they can include many components of operating a business, including: accounting and legal fees, bank charges, sales and marketing costs, travel expenses, entertainment costs, non-capitalized research and development expenses, office supply costs, rent, repair and maintenance costs, utility expenses ans salary and wage expenses. Production rate repre- sents the number or quantity of goods that can be produced during a given period of time. It is calculated by using the annual available amount of vegatable oil industry wastewater, batch size, xanthan produced per batch and number of batches per year. A unit cost is the total expenditure incurred by a company to produce, store and sell one unit of a particular product or service. Unit costs include all fixed costs, or overhead costs, and all variable costs, or direct material costs and direct labor costs, involved in production. Total revenue is the amount of cash obtained from selling all of the goods produced on a yearly basis.
RESULTS AND DISCUSSION

Kinetics of xanthan biosynthesis
In this paper, the kinetics of the batch xanthan production process using the production microorganism Xanthomonas campestris ATCC 13951 in a 3 L bioreactor was monitored. Additionally, these experiments examined the larger scale applicability of the developed mathematical models obtained in the previous research phase [22] which focused on optimizing carbon, nitrogen and phosphorus source content in a medium based on vegetable oil industry wastewater in order to produce the maximum amount of desired product with minimum leftover nutrients.
For the purpose of kinetic modelling and defining the kinetics of biomass and product formation as well as carbon source consumption, it is significant to monitor the contents of biomass, xanthan and the carbon source in defined time intervals of the bioprocess. In order to obtain these results without changing the working volume of the bioreaction, the values of other significant indicators of xanthan biosynthesis, such as apparent viscosity of the cultivation medium and contents of the residual nitrogen and phosphorus, were measured only in the 96 th hour of the process. The obtained results show that the content of xanthan, apparent viscosity of the cultivation medium, residual contents of the carbon source, nitrogen and phosphorus in the 3 L bioreactor were 12.52 g/L, 41.90 mPa·s, 2.55, 0.015 and 0.008 g/L, respectively. If these values are compared with the ones predicted by the developed model [22] , which are 11.79 g/L for the content of xanthan, 38.61 mPa·s for apparent viscosity of the cultivation medium, 3.953 g/L for residual content of carbon source, 0.016 g/L for residual content of nitrogen and 0.008 g/L for residual content of phosphorus, it can be seen that the two sets of values match to a large degree. Higher values of xanthan content and apparent viscosity of the cultivation medium, as well as lower or matching values of residual nutrients can be a consequence of more intensive conditions in the bioreactor specifically agitation and aeration, which improves oxygen mass transfer and thereby increases the amount of dissolved oxygen which positively affects the bioprocess [26, 27] . Figure 2 shows the kinetics of biomass multiplication (X), product formation (P) and kinetics of carbon source consumption (S) using vegetable oil indutry wastewater as a basis for the cultivation medium for xanthan biosynthesis (a) and semi-synthetic medium (b). This figure shows the obtained experimental data and curves obtained from fitting this data in the suggested kinetic models using the Figure 2 . Kinetics of biomass multiplication (X), product formation (P) and kinetics of carbon source consumption (S) using vegetable oil indutry wastewater (a) and semi-synthetic medium (b) as a basis for the cultivation medium.
SigmaPlot ® 11 software package. Experimental data in Figure 2a show that biomass content slowly but constantly rises immediately after medium inoculation. An intensive increase in biomass content can be seen from the 8 th to the 36 th hour of biosynthesis and then increases less intensively until the 48 th hour, when it becomes stationary until the end of the bioprocess with a biomass value of 2.38 g/L. This value is slightly lower than the biomass content (2.59 g/L) obtained during xanthan production using a medium based on diluted kitchen wastewater [28] . Intensive xanthan production lasts approximately from the 8 th to the 48 th hour of biosynthesis after which xanthan content less intensively but constantly increases until the end of the bioprocess, when it reaches 12.52 g/L. Carbon source content during the process constantly decreases until it reaches the value of 2.55 g/L.
By performing the process under optimal conditions, it is possible to define its kinetics, and developing kinetic models is very significant for the development of biotechnological processes considering they affect process control, cost reduction and increase the quality of the final product [25] . Table 1 shows the experimental and predicted values of kinetic parameters of the xanthan biosynthesis on vegetable oil industry wastewater based medium and semi-synthetic medium.
Experimental data for biomass content was fitted into a logistic equation and the obtained model curve has a rising trajectory and a trend similar to the curve of general microbiological growth [17] . Additionally, as a result of fitting experimental data to the aforementioned equation, the values for initial biomass content (X 0 ), maximum biomass content (X m ) and maximum specific growth rate (μ m ) were obtained as predicted by the model (Table 1) According to research by Lo et al. [29] , the value of specific growth rate, using the same strain of production microorganism, was 0.06-0.12 h -1 and depends on cultivation conditions. All of the obtained results indicate that the applied logistic equation represents a suitable kinetic model for the growth of X. campestris in the applied experimental conditions and using a cultivation medium based on vegetable oil industry wastewater.
In order to obtain kinetic parameters and describe xanthan production the Luedeking-Piret equation was used and the results of fitting obtained experimental values of xanthan content to this model are shown in Figure 2a . The applied model shows that xanthan production rate depends on biomass content and biomass formation rate. Therefore, the values of initial biomass content, maximum biomass content and maximum specific growth rate predicted by fitting experimental data for biomass to the logistic equation were used as constants in the Luedeking-Piret model used to fit experimental data of xanthan content during biosynthesis in the used conditions. This large degree of matching between experimental and values predicted by the model, as well as the fact that the obtained value of R 2 is 0.9997, indicates that the Luedeking-Piret model can be applied to describe xanthan production using a cultivation medium based on vegetable oil industry wastewater.
In order to describe the kinetics of carbon source consumption, a modified Luedeking-Piret equation was used and the results of fitting obtained experimental data to this model are shown in Figure 2a . Since changes in carbon source content are affected by biomass content and biomass formation rate, according to the applied model, the values of initial Table 1 In order to generate a model of a xanthan production facility using a cultivation medium based on vegetable oil industry wastewater and to access the efficiency of this bioprocess, xanthan biosynthesis was also performed on a semi-synthetic glucose medium whose significant kinetic parameters were determined and kinetic models for biomass and product formations and carbon source consumption were defined ( Table 1 ). The process on the semi-synthethic medium was used to compare all indicators of biotechnological process efficiency with the wastewaterbased cultivation medium. The semi-synthetic medium with glucose was selected because this carbon source is commonly used for xanthan biotechnological production [5, 15] . Figure 2b shows the kinetics of biomass multiplication (X), product formation (P) and kinetics of carbon source consumption (S) using semi-synthetic medium for xanthan biosynthesis. Experimentaly obtained values of biomass, shown in Figure 2b , intensively increase after the 4 th hour until the last 36 h of biosinthesis where it becomes stationary and remains almost unchanged at a value of 2.56 g/L until the end of the bioprocess. The obtained results show that glucose content constantly decreases during biosynthesis from 15.89 to 1.55 g/L. Xanthan content slightly increases during the first 4 h, after which it intensively increases to 12.71 g/L in the 60 th hour and reaches a final value of 13.62 g/L at the end of the process.
The aforementioned models were used to describe the kinetics of biomass and product formation and carbon source consumption during xanthan biosythesis on semi-synthetic medium. The logistic equation was applied to fit experimental data of biomass content and the obtained R 2 value was 0.9979 which indicates that the used logistic equation is excellent in describing the behavior (growth) of the used production microorganism on a semi-synthetic medium with glucose. Additionally, a high degree of matching of experimental and values predicted by the model, as well as the fact that the value of R 2 was 0.9986 shows that the Luedeking-Piret model can be used to describe xanthan production on a semi-synthetic medium with glucose. The obtained results and the R 2 value of 0.9976 shows that the applied Luedeking-Piret equation represents a suitable model for describing the consumption of the carbon source during xanthan biosynthesis on a semi-synthetic medium with glucose.
Simulation of xanthan biosynthesis process
As a part of this research, SuperPro Designer ® was used to generate a model of the xanthan production bioprocess using vegetable oil industry wastewater and compare it to the bioprocess on the semisynthetic medium with glucose. The results of this comparative analysis can point out key segments of the observed production process which can be used in further research to improve these segments and thereby the productivity of the entire bioprocess.
Results obtained in the previous part of the paper which contains kinetic parameters obtained by defining kinetic models for biomass formation, xanthan biosynthesis and carbon source consumption during xanthan biosynthesis in the medium based on vegetable oil industry wastewater as well as the semisynthetic medium with glucose, were applied in the developed bioprocess model shown in Figure 1 . The reactions and conversions in the bioprocess model are defined by the kinetics described in the previous part of this paper (Table 1 ). All data for input streams and operational conditions was obtained based on experimental results, while data regarding equipment and the bioprocess itself were obtained directly from the used software package. Table 2 shows the data obtained from the simulation model of the xanthan production bioprocess as a result of using defined kinetic models ( Table 1 ). The obtained content of the media based on vegetable oil industry wastewater as well as glucose, before and after bioreaction, shows that the simulation can sufficiently describe experimental results.
As a result of simulating the obtained results in a developed model, Table 3 shows the economic analysis of the model of the xanthan production bioprocess in media based on vegetable oil industry waste-water as well as glucose. The economic analysis of the developed model did not consider investment costs, which assumes that a facility for the production of xanthan using the aforementioned media already exists, which means that the working capital has the same value of 16,000 $, while the operating costs differ slightly and are 179,000 and 183,000 $/year, respectively.
The production rate of the xanthan production process using vegetable oil industry wastewater is 21,294.29 kg/year, while using a semi-synthetic medium gives a value of 23,107.97 kg/year. Additionally, unit production cost is 8.57 and 7.72 $/kg for wastewater and glucose-based media, respectively, which indicates some significant aspects of the bioprocess need to be improved in order to increase its profitability and thereby make the use of vegetable oil industry wastewater as a raw material cost effective. However, it is important to emphasise that since recycling/reusing wastewaters is one of the goals of sustainable development [30] , the obtained results are very significant from an environmental perspective and the suggested model represents a useful tool in scaling up this process from the laboratory to industrial level.
Results of the analysis of the simulation model unambiguously show that in order for the process to be economically viable, the amount of the obtained product must be higher. With the goal of reducing production costs and increasing the competitiveness of xanthan on the market, it is necessary to improve the productivity of the process by developing a more efficient production process, optimizing cultivation media content or isolating new strains of X. campestris which have better production capabilities in the given experimental conditions [31] . Since the improvement of the amount of the desired product can be realized by using a suitable cultivation media for its production, it is significant to choose and optimize cultivation media content regarding the most important micro and macronutrients for its production [13, [32] [33] [34] [35] . Additionally, it is important to choose and optimize suitable process parameters such as agitation, aeration rate, cultivation time and bioreactor geometry [36] [37] [38] . Increasing the profitability of the xanthan production process can also be realized by improving the quality of the obtained biopolymer, increasing its molecular mass and the content of acetates and pyruvates in the molecule [4] . This would increase the value of xanthan on the market for its use in food, cosmetic and pharmaceutical products. 
CONCLUSION
The results obtained by examining xanthan production on a vegetable oil industry wastewater-based medium show that there is great potential for its application as a raw material for the biotechnological production of xanthan. The developed process model for xanthan production presents the basis for a 21,294.29 and 23,107.97 kg/year xanthan production plant that uses vegetable oil industry wastewatebased medium and semi-synthetic medium. Therefore, it is necessary to further improve the production process in order to increase its efficiency. The results of this research, obtained from kinetic modelling as well as bioprocess simulation based on experimental data using the selected software, are a technologically reliable source of data and as such represent a basis for defining a general design for the suggested biotechnological process. Ksantan je mikrobiološki polimer koji ima široku primenu u različitim granama industrije. Očekuje se da će u narednoj deceniji potražnja za ksantanom u velikoj meri porasti usled čega je neophodno konstantno razvijati sve aspekata ovog biotehnološkog procesa. Cilj ovog istraživanja je ispitivanje kinetike diskontinualne kultivacije Xanthomonas campestris ATCC 13951 primenom otpadne vode iz proizvodnje jestivog ulja kao osnove kultivacionog medijuma za proizvodnju biopolimera ksantana. Kinetičko modelovanje je veoma značajno za kontrolu procesa, smanjenje njegovih troškova i povećanje kvaliteta gotovog proizvoda. Izvođenjem biosinteze ksantana na medijumu sa optimizovanim sastavom dobijene su eksperimetalne vrednosti sadržaja biomase, izvora ugljenika i željenog proizvoda koje su primenjene za određivanje kinetike biosinteze. Logistička, Luedeking-Piret i modifikovana Luedeking-Piret jednačina primenjene su za opisivanje kinetike nаstајаnjа biоmаsе, kinеtikе generisanja prоizvоdа i kinеtikе pоtrо-šnjе izvоrа uglјеnikа tоkоm biоsintеzе ksаntаnа, redosledom. Pored toga, primenom simulacionog softvera (SuperPro Designer ® ) razvijen je model bioprocesa proizvodnje ksantana i izvedena njegova ekonomska analiza. Prоduktivnоst prоcеsа prоizvоdnjе ksаntаnа primеnоm оtpаdnе vоdе iz prоizvоdnjе јеstivоg ulја kао оsnоvе kultivаciоnоg mеdiјumа iznоsi 21294,29 kg/god, dоk primеnоm pоlusintеtičkе pоdlоgе sа glukоzоm imа vrеdnоst оd 23107,97 kg/god. Simulacioni model, razvijen na osnovu definisanih kinetičkih modela, predstavlja odličnu osnovu za dalje poboljšanje i povećanje efikasnosti bioprocesa proizvodnje ksantana.
Ključne reči: diskontinualna kultivacija, kinetičko modelovanje, ksantan, otpadne vode iz proizvodnje jestivog ulja.
